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1 

An electronic stream processing circuit with test access 



The invention relates to electronic signal processing circuits, in particular to 
integrated signal processing circuits and to testing and patching of such circuits. 

5 Test access to an integrated circuit is conventionally realized using a scan 

chain. In an integrated circuit with a scan chain different functional circuits are coupled to 
each other via scan ceils. In a normal operating mode the scan cells pass binary signals from 
one functional circuit to another. The circuit can be switched to a test mode, wherein scan 
registers from the scan cells can be coupled to each other as a serial shift register. Via this 

10 shift register binary signals can be transported to and from specific circuits inside the 

integrated circuit. To ensure testability usually all registers of the integrated circuit are part of 
the scan chain, making access generally very slow, due to the need for serial shifting. The 
specific sequence of scan cells in the serial shift register does not matter for scan testing. 

A high throughput signal processing circuit that handles streams of sample 

1 5 values preferably use a network of stream processing circuits. A typical example of a stream 
processing circuit is a filter circuit, which produces a stream of successive output samples 
that the stream processing circuit each determines by computing a weighted sum of 
successive input values from an input stream. In general each stream processing circuit 
receives an input stream of successive sample values, typically from another stream 

20 processing circuit, uses the sample values from that input stream as operands for executing its 
dedicated function and produces an output stream of sample values that result from the 
execution. The output stream is generally used as input stream by a next stream processing 
circuit in the network. 

One important strength of using a network is that the streams are passed by 

25 separate stream transport interconnections between the stream processing circuits, so that the 
sample rate of different streams is not limited by contention, as would be the case for 
example if a communication bus would be used. The interconnections typically are mere 
conductors, connected as exclusive a point-to-point connections between pairs of stream 
processing circuits. 
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2 

Once a network of stream processing circuits has been designed it is 
preferably implemented in an integrated circuit. Once the network has been integrated it 
becomes difficult to access the circuit other than through the normal inputs and outputs. This 
restricts the possibilities of testing the circuit once it has been integrated. Such a signal 
5 processing can be tested using a scan chain, but testing is generally very slow, due to the 
need for serial shifting. During testing the speed of a network of interconnected stream 
processing circuits is not even remotely approached. Moreover, when design errors prevent 
satisfactory operation, manufacture of redesigned integrated circuits is necessary before the 
integrated circuit can be used in products. 

10 

Among others, it is an object of the invention to provide for an electronic 
signal processing circuit with signal stream processing circuits that are interconnected in a 
network of stream transport connections, and which provides for high-speed access to 

1 5 streams within the network. 

Among others, it is an object of the invention to provide for such an electronic 
signal processing circuit that is able to operate at normal speed while replacement parts take 
over the function of a selectable part of its stream processing circuits. 

The electronic signal processing circuit according to the invention is set forth 

20 in claim 1 . Typically, the circuit is contained on an integrated circuit chip. The circuit 

contains, in addition to the normal stream transport interconnections between pairs of stream 
processing circuits, a shareable access structure, which is not used during normal operation of 
the circuit. Over the shareable access structure a stream of samples can be transported to a 
selectable one of the stream processing circuits, to replace its input stream. This is realized by 

25 a mode switch of a multiplexer that establishes a time-continuous coupling for passing the 
sample values so that successive sample values from the stream are passed without having to 
re-establish the connection for each sample. 

Compared to scan access test data can be transferred into and out of the circuit 
more rapidly, with less overhead, less routing problems and without interrupting operation. 

30 Preferably, the shareable access structure also permits a mode wherein a 

stream of samples is transported from a selectable one of the stream processing circuits. This 
makes it possible to monitor the output of selected stream processing circuits. More 
preferably, an output stream and an input stream from selected stream processing circuits can 
be passed simultaneously through the shareable access structure. This makes it possible to 
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monitor the effect of individual ones of the stream processing circuits by supplying a test 
input stream and extracting a resulting output stream from a selectable one of the stream 
processing circuits. Alternatively, it makes it possible to test or repair a circuit, by 
functionally replacing the stream processing function of a selectable one of the stream 
5 processing circuits by an external circuit. 

Preferably, the shareable access structure is realized as a chain of multiplexing 
circuits, each of which can be individually switched to a mode to pass a stream of sample 
values from its predecessor in the chain or from the stream output of an associated stream 
processing circuit. In this embodiment the interconnection topology of the chain of 

10 multiplexing circuits corresponds to the interconnection topology of the network of stream 
processing circuits. Thus, the multiplexers in the chain can concurrently be in modes to pass 
an input stream to and an output stream from selected stream processing circuits via upstream 
and downstream parts of the chain of multiplexers respectively. This minimizes the wiring 
needed for the shareable communication structure. Various forms of connections to the 

15 stream processing circuits may be used to facilitate such concurrent streams. 

In an embodiment, the circuit contains multiple sets of stream processing 
circuits and multiple shareable access structures, as well as a router circuit that enables 
various connection patterns between the shareable access structures. In a receiver/transmitter 
circuit, for example, this makes it possible to perform partial loopback tests. 

20 

These and other objects and advantages of the invention will be described 
using examples of embodiments, using the following figures 
Fig. 1,1a show a signal processing circuit; 
25 Fig. 2 shows a further signal processing circuit; 

Fig. 3 shows a circuit module. 



Fig. 1 shows a signal processing integrated circuit 10 with a plurality of stream 
30 processing circuits 12a-d, first multiplexers 14a-c, second multiplexers 16a-c and a control 
circuit 18. Stream processing circuits 12a-d are coupled in chain, each except last stream 
processing circuit 12d having a stream output coupled to a next stream processing circuit 
12b-d in the chain via a respective one of the second multiplexers 16a-c. Each second 
multiplexer 16a-c has a first input coupled to a stream output of a preceding stream 
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processing circuit 16a-c and an output coupled to the stream input of a succeeding stream 
processing circuit 12b-d. Although single lines are shown as connections it should be 
understood that typically each connection between successive stream processing circuits 12a- 
d contains a plurality of signal conductors, in order to pass all bits of a multi-bit sample value 
5 in parallel. 

First multiplexers are also coupled in a chain, each except initial first 
multiplexer 14a having a first input coupled to an output of a preceding first multiplexer 
14a,b. Second inputs of first multiplexers 14a-c are coupled to stream outputs of respective 
ones of the stream processing circuits. The first inputs of first multiplexers 14a-c are coupled 

10 to second inputs of respective second multiplexers 16a-c. Although single lines are shown as 
connections it should be understood that typically each input and output of first and second 
multiplexers 14a-c, 16a-c contains a plurality of signal conductors, in order to pass all bits of 
a multi-bit sample value in parallel. 

The first input of an initial first multiplexer 14a-c in the chain is coupled to an 

15 external terminal or terminals of integrated circuit 10. Similarly, the output of a final first 
multiplexer 14a-c in the chain is coupled to an external terminal or terminals of integrated 
circuit 10. Control circuit 18 has control outputs coupled to control inputs of respective ones 
of first and second multiplexers 14a-c, 16a-c. 

In operation, integrated circuit 10 is operable alternatively in a normal stream 

20 processing mode and in a test mode, selected under control of control circuit 1 8. In the 

normal stream processing mode control circuit 18 controls each of second multiplexers 16a-c 
to pass a stream of signal samples from the stream output of one stream processing circuit 
12a-d to another. Typically each stream processing circuit repeatedly performs one or a few 
processing functions on the stream, each for a respective input sample value or block of such 

25 sample values, to compute successive output sample values each from a respective input 
sample value of block of input sample values. Typical examples of stream processing units 
include Fourier transform processors, which compute and output the Fourier transform 
coefficients of a block of input sample values, compression or decompression processors, 
error correcting code encoders or decoders, interleavers etc. In the normal operating mode the 

30 chain of first multiplexers 14a-c has no function. 

In the test mode control circuit 18 controls first and second multiplexers 14a-c, 
16a-c to feed the stream of sample values from a the stream output of a selectable one of 
stream processing circuits 12a-d to an external terminal and/or to feed a stream of sample 
values to the stream input of a selectable one of the stream processing circuits 12a-d. Thus, 
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the relevant second multiplexers 16a-c are switched to a bypass mode in which a stream of 
samples from the chain of first multiplexers 14a-c bypasses the normal output stream. In the 
test mode control circuit 18 makes second multiplexers 16a-c couple stream inputs and 
outputs of the other stream processing circuits to each other as in the normal mode. Control 
5 circuit 18 receives external commands to select from which of the stream processing circuits 
12a-d the stream input and/or stream output is coupled to the external terminals of integrated 
circuit 10. Once these commands have been effected control circuit 18 keeps the commanded 
connections active, so that a stream of successive samples is passed without requiring further 
switching. 

10 Thus the output stream of a can be extracted from a selectable one of the 

stream processing circuits 12a-d, so that the sample values in this stream can be compared 
with sample values from a reference stream, for example in a test equipment (not shown). 
Similarly, a test stream of sample may be fed as input stream into a selectable one of the 
stream processing circuits 12a-d, in order to detect whether it causes a part of the network of 

1 5 stream processing circuits 1 2a-d to produce sample values corresponding to a reference 

stream. In a further test, different streams may be fed into and out of the network at selected 
points in the network at the same time. This makes it possible to supply a test stream to a 
selected stream processing circuit and to monitor the resulting output stream at the output of 
that stream processing circuit, or a the output of a stream processing circuit further 

20 downstream. 

Alternatively, it makes it possible to functionally eliminate a stream 
processing circuit or a sub-chain of such stream processing circuits from the network, by 
extracting an input stream of a stream processing circuit, processing this extracted stream 
externally and feeding the resulting stream back into the network. In this way it can be tested 

25 whether the network works well if errors from a selected stream processing circuit or sub- 
chain of such stream processing circuit can be excluded. Also, the circuit can be repaired in 
this way, or its functional capabilities can be expanded. Typically, this is done by extracting 
the input stream of a selected stream processing circuit or sub-chain and replacing its output 
stream by results that have been computed externally. But in another alternative one may 

30 correct the extracted input stream and supply the corrected input stream-to-stream input of 
the selected stream processing circuit. 

Preferably, as shown in Fig. 1 the chain of first multiplexers I4a-c runs in 
parallel with the chain of signal processing circuits 12a-d, so that each first multiplexer 14a-c 
that has an input coupled to the stream output of a particular stream processing circuit 12a-d 
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has an output coupled to the first multiplexer 14a-c that has its input coupled to the successor 
of the particular stream processing circuit 12a-d. In this way input and output streams can be 
transmitted in parallel. 

For example, in the circuit of Fig. 1 an input stream of samples can be 
5 transported through the chain of first multiplexers 14a-c to the stream input of a selected 
stream processing circuit 12a-d at the same time as an output stream of samples from the 
stream output of that selected stream processing circuit. Thus that selected stream processing 
circuit 12a-d can be tested in isolation. Similarly, the stream of output samples from a 
selected stream processing circuit 12a-d can be output from integrated circuit 10, processed 

10 (e.g. corrected, or selectively replaced by test samples) and fed back to the stream input of 
the stream processing circuit 12a-d that follows the selected stream processing circuit 12a-d. 

Fig, la shows an alternative way of connecting the inputs of second 
multiplexers 16a-c. An integrated circuit 10 with four signal processing circuits 12a-d are 
shown, but it will be understood that more (not shown) may be present. In this embodiment 

1 5 each second multiplexer I6a-c has its first input coupled to the stream output a particular 

signal processing circuit 12a-d and its second input coupled to the input of a first multiplexer 
14a-c of which the other input is coupled to the stream input of particular signal processing 
circuit 12a-d (in the example of Fig. la via another second multiplexer 16arc). This makes it 
possible to "replace" the particular stream processing circuit 16a-d by a stream processing 

20 circuit (not shown) external to integrated circuit. To do so control circuit 1 8 controls first and 
second multiplexers so that the stream of input samples of the particular stream processing 
circuit 1 6a-d is output from the integrated circuit and a processed stream is supplied to the 
chain of stream processing circuits 12a-d instead of the output stream from the particular 
stream processing circuit 16a-d. 

25 As an alternative a second chain of first multiplexers (not shown) may be 

provided in parallel with first multiplexers 14a-d, so that input streams are fed to the signal 
processing circuits 12a-d via the first chain of first multiplexers 14a-d and output streams are 
extracted from the signal processing circuits 12a-d via the second chain of first multiplexers. 
Alternatively, two sets of bus lines may be used, each first multiplexer comprising tri state 

30 drivers controlled by control circuit 18 to drive a first set of bus lines with sample bit values 
from the stream output of a respective stream processing circuit 1 2a-d and each second 
multiplexer 16a-d having an input coupled to the second set of bus lines for receiving the 
samples of an input stream. However this type of solution requires an additional set of signal 
conductors, which increases silicon area. 
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Fig. 2 shows a further signal processing circuit. This circuit contains two 
branches, each with of chains of the type shown in Fig. 1 and a router circuit 20 which has 
inputs coupled to the outputs of the chains of first multiplexers 14a-c of the two branches and 
an external input 22 of integrated circuit 10 and outputs coupled to the inputs of the chains of 
5 first multiplexers 14a-c of the two branches and an external output 24 of integrated circuit 1 0. 
Router circuit 20 is controlled by control circuit 18. 

In a typical example, the processing circuits 12a-d of the first branch 
implement receiver processing functions (e.g. Fourier transformation, followed by 
demodulation, interleaving, error correction etc.) and the processing circuits 12a-d of the 
10 second branch implement transmitter processing functions that are the inverse of the 
transmitter processing functions (e.g. error correcting coding followed by interleaving, 
modulation and Fourier transformation). 

Router circuit may be of a type known per se which provides for combined 
connection of several inputs to several outputs. Router circuit 20 is arranged to provide 
15 different selectable coupling patterns between its inputs and outputs under control of control 
circuit. In a first pattern router circuit 20 couples its external input 22 to the input of the chain 
of first multiplexer circuits 14a-d of a first branch and its external output 24 to the output of 
the chain of first multiplexer circuits 14a-d of the first branch. In this pattern the first branch 
can be tested. In a second pattern router circuit 20 couples its external input 22 to the input of 
20 the chain of first multiplexer circuits I4a-d of a second branch and its external output 24 to 
the output of the chain of first multiplexer circuits 14a-d of the second branch. In this pattern 
the second branch can be tested. 

In a third pattern router circuit 20 couples the input of the chain of first 
multiplexer circuits 14a-d of the first branch to the output of the chain of first multiplexer 
25 circuits 14a-d of the second branch. In this pattern streams of signal samples can be fed from 
the stream outputs of selected stream processing circuits 12a-d of the second branch to the 
stream inputs of selected stream processing circuits I2a-d of the first branch. 

When the stream processing circuits 12a-d of the first branch perform receiver 
functions and the stream processing circuits 12a-d of the first branch perform transmitter 
30 functions this facilitates loopback testing, wherein a partial output, produced by a part of the 
chain of signal processing circuits 12a-d in the transmitter branch is injected at a 
corresponding stage in the chain of the receiver branch, in order to locate the possible origin 
of a lack of reciprocity between transmission and reception. 
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In the third pattern router circuit 20 may also couple the input of the chain of 
second multiplexer circuits 14a-d to external input 22 and the output of the chain of first 
multiplexer circuits 14a-d to the external output 24, so that streams of successive samples can 
be passed without further switching. This facilitates one by one testing of the reciprocity of 
5 individual signal processing circuits 12a-d, by feeding in a test stream of samples, coupling 
this test stream to the stream input of a selected signal processing circuit of the transmitter 
branch, coupling the output stream of that selected signal processing circuit to the stream 
input of its inverse signal processing circuit in the receiver branch and feeding the resulting 
output stream to the external output 24. 

Router circuit may also provide for a fourth pattern, wherein the roles of the 
first and second branch are exchanged compared with the third pattern. 

Fig. 3 shows a circuit module 30 that contains an integrated circuit 10 as 
described in the preceding, as well as a correction circuit 32, which is coupled to integrated 
circuit 10 via the terminals that are coupled to the input and output of the chain of first 
multiplexers 14a-c (not shown). For example, a circuit module may be a printed circuit 
board, or an encapsulated module for use on a printed circuit board. The module of the figure 
may be used to correct or modify the function of integrated circuit beyond what is possible by 
normal programming. In this implementation correction circuit 32 for example receives the 
input and output streams of a selected one of stream processing circuits 12a-d. In this way a 
design error in the selected one of stream processing circuits 12a-d can be corrected without 
redesigning integrated circuit, or functional limitations of integrated circuit 10 can be 
overcome for special applications. Of course, instead of replacing a single selected stream 
processing circuit 12a-d of integrated circuit 10, correction circuit 32 may replace a series of 
more than one selected stream processing circuits 12a-d of integrated circuit 10, or perform 
an additional signal processing function inserted between two successive stream processing 
circuits 12a-d of integrated circuit 10. 

Although the invention has been described by reference to specific 
embodiments it will be appreciated that many variations are possible. For example, clocked 
registers may be inserted at various positions in the data paths, for example between pairs of 
successive first multiplexers 14a-c, to simplify timing requirements. Similarly, of course a 
larger or smaller number of stream processing circuit may be used, with correspondingly 
larger or smaller numbers of fist and second multiplexer circuits 14a-c, 16a-c. Some or all of 
stream processing circuits 12a-d may be made up of combinations of smaller stream 
processing circuits. 
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Similarly, more complex networks of stream processing circuits may be used 
instead of chains. In this case, preferably, first and second multiplexers 14a-c and 16a-d are 
coupled in corresponding networks. If such networks have more than one external input or 
output to integrated circuit 10, additional multiplexers may be provided to select, under 
5 control of control circuit 1 8, to which of the inputs and/or outputs of the network external 
connections of the integrated circuit will be coupled. 

Although the external connections to the input and output of the chain of first 
multiplexers I4a-c are shown as separate external terminals of integrated circuit 10, it will be 
understood that these connections may share external terminals with other functions (the 

10 connections being coupled to the external terminals only in the test mode for example). The 
inputs and outputs of the chain of first multiplexers 14a-c may even be coupled to the same 
external terminals, but it will be understood that this means input and output can be 
performed simultaneously only if the input and output samples are temporally multiplexed at 
the external terminals. Lacking such multiplexing only tests with either a test input stream or 

1 5 a test output stream are possible in this case. 



